Abstract
Australia, respectively ( Fig. 2A ), but the complete genome sequences of these two strains are 151 unavailable. PAst analysis revealed that PA154197 belongs to the Serotype O9 (26) ( Table 1) .
152
Analyzing its accessory genome identified 21 genome islands (GIs) including 3 prophages (Table   153   S1 ). In addition to hypothetical proteins, a large number of metabolic enzymes such as 154 oxidoreductase, oxygenase and halogenase, as well as the AraC and LysR type transcription
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157
To examine the phylogenetic relationship of PA154197 with other P. aeruginosa strains, we 158 constructed a phylogenetic tree based on 140,634 SNPs generated from 150 P. aeruginosa 159 genomes which include all publicly-available complete genomes (78 as of October 2017) and 160 representative non-complete genomes. As shown in Fig 2B, transcriptional regulator NalC which often leads to aztreonam resistance (29). Three non-
178
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181
New genomic variations that potentially lead to antibiotic resistance is also identified in 182 PA1541197, such as a 6-bp deletion (corresponding to the deletion of E959 and S969) in the C-
183
terminal of GyrA and a E76-*(stop codon) mutation in the mexR gene which will lead to pre- the antibiotic resistance genes is provided in Table 2 . 193 194 Expression of the resistance genes and the functional genome of P. aeruginosa PA154197
195
To examine the resistance mechanisms of PA154197 especially the expression levels of the 196 resistance genes identified, we performed a comparative transcriptome analysis on PA154197 and 197 the reference strain PAO1 using RNA-seq. Among the 5,543 orthologous genes identified in the 198 two strains using progressiveMauve (32), differential expression of 3,148 genes are observed and 199 their expression levels are compared using DESeq (33) (Fig. 3 and Table S2 ). Notably, among the 200 genes which display significantly higher expression levels in PA154197 than in PAO1, those
201
The copyright holder for this preprint . http://dx.doi.org/10.1101/415000 doi: bioRxiv preprint first posted online Sep. 12, 2018;  encoding four efflux pumps, such as mexEF-oprN (PA2493-PA2495), mexRAB-oprM (PA0424-202 PA0427), mexGHI-opmD (PA4205-PA4208), and mexKJL (PA3676-PA3678) are observed (Fig. 203 3), consistent with the MDR profile of PA154197. Genes that confer resistance to specific 204 antibiotics, such as that of ampC, gyrA, gyrB, and parC, parE, are not differentially expressed in 205 the RNA-Seq analysis, suggesting that over-expression of several multidrug efflux pumps may 206 play a major role in the MDR development in PA154197. COG functional distribution analysis of 207 the differentially expressed genes also reveals the enrichment of efflux pump genes among all the 208 genes which are expressed at a higher level in PA154197 than in PAO1 (Fig S1) .
209
To verify the relative expression levels of these genes in the two strains, we conducted RT-qPCR 210 analysis. As shown in Fig 4B , consistent with the RNA-Seq data, the MexEF-OprN efflux system 211 displayed the most significant higher expression (265-574 fold) in PA154197 than in PAO1,
212
followed by the MexGHI-OpmD (8.5-41.9 fold) and the MexAB-OprM (4.6-11 fold) efflux system.
213
On the other hand, another efflux system which over-expression is associated with 214 aminoglycosides resistance, the MexXY-OprD system, did not show increased relative expression 215 in PA154197 in either RNA-Seq or the RT-qPCR analysis, consistent with the fact that PA154197 216 remains susceptible to the aminoglycoside antipseudomonal drug amikacin (Fig 1) . Overall, an EB 217 efflux assay showed the hyper-efflux activity in PA154197 than in PAO1 (Fig 4C) , suggesting that 218 over-expression of the efflux pumps MexEF-OprN, MexAB-OprM, and MexGHI-OpmD may 219 play a major role in conferring MDR in PA154197. RT-qPCR analysis also revealed the decreased 220 expression of another resistance gene oprD in PA154197 which serves as the entry portal of 221 imipenem, consistent with the observed imipenem resistance (MIC as 8µg/ml) in this strain.
223
Virulence of P. aeruginosa PA154197
224
The copyright holder for this preprint . http://dx.doi.org/10.1101/415000 doi: bioRxiv preprint first posted online Sep. 12, 2018;  Our comparative transcriptome analysis also reveals a significantly higher expression of several 225 virulence genes in PA154197 than in PAO1 (Fig 3 and Table S2 ). These include the type III (psc 226 genes) and the type VI (tss and hcp-1 genes) secretion systems, pyocyanin production (phz genes), 227 the PQS quorum sensing system (pqs genes), and a series of Fe and heme acquisition genes (fep 228 and has genes). On the other hand, several genes involved in biofilm formation (such as psl, alg, 229 lecA), motility, pili and fimbrial assembly proteins (such as cup genes), and pyoverdine production 230 (pvd genes) are expressed at a lower level in PA154197 than in PAO1.
231
To examine the virulence factors production and the virulence of PA154197, we examined 232 pycyanin (PYO) and pyoverdine production, swimming and swarming motilities, and biofilm (Fig 5A) . In contrast, PA154197 displays reduced pyoverdine production 236 compared to PAO1 (Fig 5B) . Consistent with the lower expression of biofilm genes in PA154197 237 than in PAO1, PA154197 displays a reduced biofilm formation capability as examined by the 238 crystal violet staining (Fig. 5C ). In terms of the motility of the bacterium, PA154197 displays a 239 comparable swimming activity with that of PAO1, but a defective swarming motility (Fig. 5D) 
240
which is consistent with the lower expression of the pili and fimbria assembly genes in this strain.
241
To evaluate the in vivo virulence of PA154197, we conducted Caenorhabditis elegans fast killing 242 and slow killing assays which are established infection models to evaluate the cytotoxicity and 243 pathogenicity of P. aeruginosa, respectively(34). We found that the two strains display a 244 comparable cytotoxicity and pathogenicity (virulence) (Fig. 5E ) to the C. elegans host. Together, 245 these studies indicate that PA154197 over-expresses a subset of virulence factors and does not 246 display a compromised virulence as reported for many other resistant strains.
247
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Las and Rhl
250
It is known that three hierarchically organized QS systems, Las, Rhl, and Pqs, regulate the 251 production of an arsenal of virulence factors in P. aeruginosa with each being primarily associated 252 with the elastase (encoded by lasB gene), rhamnolipid (encoded by rhlA gene) and pyocyanin
253
(encoded by phz genes) production, respectively (35, 36) (Fig 6A) . Among them, the Las system PA154197 than in PAO1, whereas genes controlled by Pqs, such as phZ genes, pqsA-E, and phnAB 265 are expressed in a significantly higher level in PA154197 than in PAO1 (Fig 6A and Table S2 ).
266
RT-qPCR analysis confirmed this observation ( Fig 6B) . These data suggest that the secondary QS 267 system Pqs is activated and expressed independent of the primary QS systems Las and Rhl in 268 PA154197, which may account for the hyper-production of a subset of virulence factors and 269 consequently its uncompromised virulence.
270
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Discussion
272
As a successful and ubiquitous pathogen, P. aeruginosa is equipped with extraordinary 273 machineries to adapt to the host environments and antibiotic therapies to survive and disseminate.
274
As a result, the disease development caused by P. aeruginosa infections is driven by several (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
The copyright holder for this preprint . http://dx.doi.org/10.1101/415000 doi: bioRxiv preprint first posted online Sep. 12, 2018;  to be social cheaters that exploit shared QS products without incurring metabolic costs to 294 themselves (18-21). However, majority of these studies were based on comparative genomic 295 analysis to identify mutations in the QS system genes, and the identified variations were mainly 296 found in the master QS regulator LasR, including both lasR-null and various lasR point mutations.
297
Consistently, the identified strains often display an overall QS-inactivation phenotype, such as 298 decreased production of all the major QS regulated virulence factors including elastase, 299 rhamnolipids, pyoverdine, pyocyanin. Different from these lasR defective isolates, PA154197 300 produces a significantly higher amount of PYO, a major virulence factor secreted by P. aeruginosa emerging compensatory mechanism that facilitates the fitness, virulence, and persistence of P.
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318
With the increasing frequency of detecting the MDR P. aeruginosa isolates from various sources, 319 it is recognized that the resistance traits of a strain are often the result of a complex interaction of 320 several cellular processes and no individual mutation or resistance gene is sufficient to confer 321 clinically significant resistance (39, 40) . In this study, we identified multiple genetic variations 322 potentially associated with the resistance development in PA154197. These include both PA154197 may not be due to the T105A mutation in AmpC, and the observed resistance to 337 ciprofloxacin and levofloxacin (fluoroquinolone) may not be due to the T83I mutation in GyrA.
338
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The copyright holder for this preprint . http://dx.doi.org/10.1101/415000 doi: bioRxiv preprint first posted online Sep. 12, 2018;  represents another common mechanism of β-lactam resistance in P.aeruginosa (41), but no 340 plasmid encoding β-lactamases are identified in PA154197. Indeed, it has been proposed that 12, 2018; previous study (44). Briefly, PA154197 was cultivated in Luria-Bertani (LB) broth overnight with 363 shaking (220 rpm) at 37℃. Bacterial cells were harvested from 1 ml culture via centrifugation at gaps were filled using Sanger sequencing to generate the complete genome sequence of PA154197.
375
Gene calling and annotation were carried out using the National Center for Biotechnology To carry out the phylogenetic analysis, we downloaded all available complete genomes of P. 12, 2018; by Oct 2017) (Table S3, value 100, and initial tree was generated using the Neighbor Joining method. Variants were called 392 using the Harvest tools (48) and annotated using SnpEff (50). Variants of all predicted antibiotic resistance genes were collected from the annotation with SnpEff 402 (50) using PAO1 as the reference. SNPs that cause non-synonymous mutations and gaps less than 403 6 bp were also identified and summarized. 
RNA-seq
406
RNA extraction, quality control, and RNA-Seq were performed in PA154197 and the reference 407 strain PAO1 with three biological replicates following our previous descriptions (44). Stranded
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411
Orthologous genes between PAO1 and PA154197 were obtained by comparison using 412 progressiveMauve with default settings (32) and were employed in the following RNA-seq 413 analysis. RNA-seq reads were pre-processed for quality control using Trimmomatic (46) and were 414 then mapped to the reference genomes of PAO1 and PA154197 respectively, using Stampy (to and BamTools were used for format conversions, statistics, and quality assessment and control
(55). The Integrative Genomics Viewer was used to visually inspect mapping quality (56).
419
Fragments counting per genomic features (genes) were performed using featureCounts 
(featureCounts -R -M -Q 10 -p -P -s 2 -t gene -g locus_tag --largestOverlap) (57). Reads that
Motility assays
428
The assays were performed as previously described with slight modifications(58). (1) Swimming 429 motility. The semi-solid motility plates were prepared by mixing the LB broth with 0.25% (wt/vol)
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The copyright holder for this preprint . http://dx.doi.org/10.1101/415000 doi: bioRxiv preprint first posted online Sep. 12, 2018;  agarose. Overnight cultures of PAO1 and PA154197 were sub-cultured (1:200 dilution) into 431 LB broth. When OD600 reached 0.1-0.2, 2 μl of cell was spotted at the center of a freshly prepared Each fast killing plate was seeded with 20-30 worms. Plates were incubated at 25°C and scored 473 every 4-6 h. A worm was considered to be dead when it no longer responded to touch. (2) Slow 474 killing assay. The procedure was similar as fast killing assay except the preparation of killing plates.
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